In situ rapid electrostatic investigations on calcareous stones of monuments bring information 7 which strongly correlates with the stone geologic characteristics and proves to be efficient for 8 provenance identification and successive restoration. With a portable device it is now possible 9 to scan several thousand of blocks on a face of a monument in a few hours. The evolution of 10 the religious building construction practices between XIIIth and XVIIth is studied. From the 11 petro-physics point of view, results clearly indicate a marked linear correlation between 12 electrical conductivity and dielectric permittivity. This fact that agrees with Maxwell-Wagner 13 polarization modeling, confirms the part played by the clay content in the electric properties 14 of dry carbonate rocks constituting the monument stones. A first test using X -Ray scattering 15 analysis shows the part played by the relative content in illite, which is correlated with a 16 decrease of the resistivity. 17 18
Introduction 23
Stone buildings constitute an important part of our monument heritage and 24 consequently a significant effort is involved in both their historical study and their 25 preservation/restoration. Thus numerous questions are raised such as the characterization and 26 identification of the cause(s) of the different weathering processes they suffered, the ancient 27 builder's know-how, or the determination of stone provenances. For this purpose, a wide 28 variety of laboratory analyses was developed and applied (Rozenbaum 2007) , but these 29 studies necessitate sample collection over a limited number of stones which raises the issue of 30 the choice of the sample location. They are also costly and possibly long. 31
To be systematic, the study of stones in ancient monuments (i.e. essentially religious 32 buildings) necessitates the use of non-invasive techniques that totally respect the integrity of 33 stones and coating. Among those techniques, the electrostatic one, which allows 34 measurements of low frequency electrical properties over a significant part of the whole 35 volume of a stone and without any direct contact with material under study, appears to be 36 relevant. Its results bring information about major physical properties of sedimentary stones, 37 namely the part taken in it by clay platelets and macroscopic effects of the pore arrangement. 38
In principle, the signal obtained takes into account the responses of both the clay and water 39 content, or volume wetness, of a block. This last parameter possibly depends on the 40 meteorological conditions, and consequently it may introduce time variation dependence in 41 the measurements. Nevertheless, it has been clearly established and confirmed by a published 42 study that in old buildings water content remains low and constant beyond a depth of two or 43 three centimetres into the blocks (Sass 2010). In this way, a steady "dry state" should clearly 44 characterize the steady time value of the internal water content of the blocks which no more 45 depends on the atmospheric conditions. 46
As a result in dry calcareous materials, clay is practically the only source of ions and 47 its electrical behaviour determines the values of conductivity and permittivity of stones. Then, 48
clay content and arrangement in building blocks allows operating a typological classification 49 of the stones in the main work and a first assessment of their mechanical behaviour. 50
The study of three different monuments built between the XIII th and XVIII th centuries 51 is presented here and it is followed by some new paths opened by this first approach. 52
53

Method and instrument 54
In the electrostatic method, an open capacitor located near the surface of the medium 55 under study injects into it an alternative current (Grard and Tabbagh surface and the stone is small against the inter-pole distances the approximation h=0 can be 101 used and K is the same as for a galvanic injection, if not K must be calculated taking into 102 account the exact geometry of each array. Moreover, tests of the effect of the spacing between 103 the poles and the stone have been achieved. They don't show observable differences if it 104 remains less than 5 mm. 105
The measurement is driven by a small computer which also records the data. The 106 injected current is normally less than 1mA. The depth at which the material is analysed is 107 defined by the pole geometry, and is in the approximate range from 5 to 8 cm for the smaller 108 dipole, and from 10 to 15 cm for the greater dipole. 109
For various test materials, good agreement was observed between measurements using 110 multipole and those using galvanic contact resistivity measurements in which the electrode 111 In a dry calcareous material, the presence of clay and the arrangement of clay platelets 174 in the pores control most of the electrical properties. At the surface of silicate -foils are 175 counter ions which can tangentially move and ensure conductivity; the same are also 176 responsible for the electrical polarization ensuring permittivity. If that double function is 177 effective, the conductivity and the permittivity must be correlated. However, due to the 178 unavoidable limitations of the instrument, the conductivity value should be small enough 179 (resistivity above 50 Ωm) so that the permittivity can be easily measured. 180
The permittivity is plotted for two monuments as a function of conductivity. 
